Finally the nonlinear hydrodynamics of smectics C is given. The equations show numerous nonlinear contributions reflecting the different broken symmetries of smectics C and the interplay between them. As a quite remarkable fact the dependence of these nonlinear coefficients on all scalar quantities present in smectics C is established. This has been done for the other presented systems as well but those have less scalars illustrating once more the special role played by smectics C as a biaxial system. In order to apply the presented theory to specific problems it is, of course, necessary to supplement the nonlinear reversible hydrodynamic equations by irreversible contributions derived e.g.
Abstract. 2014 The unified nonlinear reversible hydrodynamics of nematics, crystals, smectics A, cholesterics and smectics C is presented. Besides the expected but nonetheless new convective terms, additional nonlinear contributions are obtained in the stress tensor and in the equation for the hydrodynamic variables characterizing the broken symmetries. A brief section treats nematic liquid crystals. The results found are in agreement with previously derived theories. Then we discuss crystals. Next smectics A are considered including the examination of terms which describe rotations of the director. The influence of an external magnetic field is discussed as well. The hydrodynamic treatment of cholesterics is described, where special emphasis is laid on the investigation of the differences between smectics A and cholesterics.
Finally the nonlinear hydrodynamics of smectics C is given. The equations show numerous nonlinear contributions reflecting the different broken symmetries of smectics C and the interplay between them. As a quite remarkable fact the dependence of these nonlinear coefficients on all scalar quantities present in smectics C is established. This has been done for the other presented systems as well but those have less scalars illustrating once more the special role played by smectics C as a biaxial system. In order to apply the presented theory to specific problems it is, of course, necessary to supplement the nonlinear reversible hydrodynamic equations by irreversible contributions derived e.g. by Martin [1] [2] [3] [4] [5] [6] as well as from the theoretical groups [7] [8] [9] [10] [11] [12] [13] [14] [8, 11, 15, 16] . The linearized phenomenological hydrodynamics of nematics [17, 18] , smectics A [19, 20] , smectics C [19] , cholesterics [21, 22] , crystals and solids [19, 23, [24] [25] [26] [29] . Note that the phenomenological parameter a may yet be a function of the scalar variables of the system (e.g. p, 6 or p, T).
As [15] . This preferred direction is denoted by the unit vector it Consequently, smectics A liquid ( 3) The necessity to take into account nonquadratic contributions in the elastic energy has been pointed out to the authors by one of the referees. (5) When expanding the currents and the dynamic equations in k, the multiplication of the highest order terms (in k) in these expansions yields contributions which are not systematic. Therefore the terms proportional k3 in (3.14) must be discarded. crystals are similar to crystals in the n-direction, and to ordinary liquids in the plane perpendicular to n Like in nematics the state of the system is equally well described by -n instead of n ; thus the hydrodynamic equations have to show a n H -n invariance.
The translation is described as in the last chapter by the displacement of the layers R.
Since the translational invariance is broken only in the n-direction we have to impose the constraint Clearly, for a linearized theory the quantity Ei-vjpi reduces to the usual variable Vix, with x = n.R [19] . [19] The constraints (3.30) 
